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$V WKH WUDQVPLVVLRQ UDQJHEHWZHHQ WKH IHPWRFHOO DFFHVVSRLQW DQGXVHUV LQVLGH WKHVH IHPWRFHOOV DUH VKRUW WKH
WUDQVPLVVLRQSRZHURIPRELOHXVHUVLVVDYHGUHVXOWLQJLQORQJHUEDWWHU\OLIHOHDGLQJWRHIILFLHQWHQHUJ\V\VWHP7KH
LGHDEHKLQGWKHFRQFHSWRIWKHPRELOHIHPWRFHOO0)HPWRFHOOKDVEHHQRULJLQDWHGE\FRPELQLQJWKHFRQFHSWRIWZR
WHFKQRORJLHV ILUVW LV WKH IL[HG IHPWRFHOO WHFKQRORJ\ DQG WKH VHFRQG LV PRELOH UHOD\V 7KH EHVW SDUW RI XVLQJ
0)HPWRFHOO LV WKHDELOLW\RI WKLVVPDOO0)HPWRFHOO WREHPRYHGDURXQGDQGG\QDPLFDOO\E\XVLQJKDQGRII LWFDQ
FKDQJHLWVFRQQHFWLRQWRWKHRSHUDWRU¶VFRUHQHWZRUN7KHFRQFHSWRIWKH0)HPWRFHOOFDQEHVHHQDVEHVWH[DPSOH
IRU LPSOHPHQWDWLRQRIPRELOHQHWZRUNVZKLFK FDQEH HVWDEOLVKHGRQ DQ\SXEOLF WUDQVSRUW OLNH WUDLQV EXVHVRURQ
SULYDWHFDUV
0RELOHXVHUVWUDYHOOLQJWKURXJK3XEOLFYHKLFOHVOLNHWUDLQVDQGEXVHVFDQDFWDVPRYLQJKRWVSRW8VHUVIUHTXHQWO\
UHTXHVW GLYHUVH GDWD VHUYLFHV VXFK DV YLGHR VWUHDPLQJ ZHE EURZVLQJ DQG RQOLQH JDPLQJ 7KHVH XVHUV LQVLGH D
YHKLFOH ZKLFK LV PRYLQJPD\ XQGHUJRPXOWLSOH KDQGRYHUV ZKLFK FDXVHV VLJQLILFDQW LQFUHDVH LQ KLJK FRQQHFWLRQ
IDLOXUHVDQGVLJQDOOLQJORDGLQ WKHQHWZRUN$OVR WKHPHWDOOLFHQFORVXUHRI WKHYHKLFOHFDQVXIIHUKLJKSHQHWUDWLRQ
ZKLFKUHVXOWVLQSRRUFRQQHFWLRQQHWZRUNUHVXOWLQJLQFDOOGURSSLQJ0DMRUMXQNRIWKHSRSXODWLRQKDSSHQVWRWUDYHOD
ORW LQ WKHLU GD\ WR GD\ OLIH7KHUHIRUH WKH SUREOHPV OLNH GURSSLQJ FDOOV DQG VLJQDOOLQJ ORDGZLWKLQ D IDVWPRYLQJ
YHKLFOHQHHGWREHUHVROYHGE\JLYLQJDEHWWHUH[SHULHQFHLQWHUQHWFRQQHFWLYLW\RQWKHPRYH
'HSOR\PHQWRIIHPWRFHOOVUHTXLUHVVSHFWUXPWREHGLYLGHGDPRQJWKHP$VWKHVSHFWUXPLVOLPLWHGHIILFLHQF\RI
VSHFWUXP VXIIHUV 6R VSHFLDO HIIRUW QHHG WR EH WDNHQ ZKLOH GHSOR\LQJ PRELOH IHPWRFHOO WR HQKDQFH WKH VSHFWUDO
HIILFLHQF\RIFHOOXODUQHWZRUN,WLQFOXGHVZRUNLQJRQUHVRXUFHVFKHGXOLQJVSHFWUXPDOORFDWLRQDQGXVLQJIUHTXHQF\
UHXVH IDFWRU HIIHFWLYHO\ EHFDXVH WKHVH DVSHFWV GLUHFWO\ DIIHFW WKH VSHFWUXP HIILFLHQF\ 7KLV SDSHU GLVFXVVHV
FRPSUHKHQVLYH VXUYH\ RQ YDULRXV WHFKQLTXHV WKDW DUH UHFHQWO\ XVHG IRU LPSURYLQJ VSHFWUDO HIILFLHQF\ LQ PRELOH
IHPWRFHOOQHWZRUN,QWKHHQGWKHSDSHUFRQFOXGHVE\FRPSDULQJWKHVHWHFKQLTXHVDQGVXJJHVWLQJEHWWHUWHFKQLTXH








DVVLJQHG5%FDQQRWEH UHDVVLJQHG WRDQ\RWKHUXVHU+RZHYHUDQ5%DVVLJQHG WRD IHPWRXVHUFDQEH UHXVHGE\
RWKHU IHPWR XVHUV VLPXOWDQHRXVO\ VXEMHFW WR WKH LQWHUIHUHQFH FRRUGLQDWLRQ VWUDWHJ\ WKDW UHVXOWV LQ LPSURYLQJ WKH
VSHFWUDOHIILFLHQF\SHUIRUPDQFH
+RZHYHU WKH LQWHUIHUHQFHFRRUGLQDWLRQZRUNVRQO\ IRU IL[HG IHPWRFHOOQHWZRUNZKHUHDV WKHPRELOH IHPWRFHOO
ZLOOKDYH LQWHUIHUHQFHVZKHQERWKRI WKHPZLOO FRPHFORVH WRHDFKRWKHUZKLOH URDPLQJ7RRYHUFRPH WKHPDMRU




,QWHUIHUHQFHPDQDJHPHQW LV WKHPDLQ LVVXH RI GHVLJQLQJ IHPWRFHOO QHWZRUN DQG LW KDV H[WHQVLYH UHVHDUFKZRUN




DFWLRQ DV VKRZQ LQ)LJ 4/HDUQLQJ LV D FODVVLFDO5/ZKLFKXVHV VWDWH DFWLRQSDLU RQ WKH4YDOXH IXQFWLRQ WR
LWHUDWLRQXVLQJWKHHVWLPDWHGUHZDUGIXQFWLRQWRVHOHFWWKHQH[WDFWLRQDQGRSWLPL]HWKH4IXQFWLRQ
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IRU IHPWRFHOO QHWZRUNV EDVHG RQ 4/HDUQLQJ WR G\QDPLFDOO\ DGMXVW WKH QXPEHU RI VXE FKDQQHOV XQGHU GLIIHUHQW
IUHTXHQF\UHXVHIDFWRUVWDNLQJLQWRDFFRXQWDOOWKHVSHFWUDOHIILFLHQF\RIIHPWRFHOOVDVDUHZDUGIXQFWLRQWRHQVXUH
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HDFK FHOO FDQ DOORFDWH DQGEHWWHU WKHRYHUDOO V\VWHP VSHFWUDO HIILFLHQF\ DUH EXW WKLVPD\ FDXVH ORZHGJH VSHFWUDO
HIILFLHQF\7KH HGJH VSHFWUDO HIILFLHQF\ LPSURYHVZLWK WKH LQFUHDVH RI)5)7R LPSURYH WKH UHVRXUFH XWLOL]DWLRQ
IUDFWLRQDOIUHTXHQF\UHXVH))5LVLQWURGXFHGZKHUHWKHXVHUVQHDUDEDVHVWDWLRQRUFHOOFHQWUHDUHDOORFDWHGZLWK
WKHZLGHUEDQGZLGWKVZKLOHXVHUVDWWKHFHOOHGJHDUHDEOHWRXVHRQO\DVPDOOIUDFWLRQRIWKHWRWDOEDQGZLGWK,QWKLV














ORW RI SRWHQWLDO SUREOHPV VXFK DV GHDG ]RQH RXWDJH FDSDFLW\ DQG UHGXFHG FRYHUDJH UDQJH 6R DIWHU VXUYH\LQJ
VSHFWUXPDOORFDWLRQUHVRXUFHVFKHGXOLQJDQGIUHTXHQF\UHXVHVFKHPHRQHQHHGHGWRUHVHDUFKLQQHZGLPHQVLRQIRU























































































































































































































































5.2 Threshold Aggregation for Aggregation Technique 










6R ULJKW IURP WKH VWDUW ZH VXUYH\HG GLIIHUHQW WHFKQLTXHV IRU LQFUHDVLQJ WKH HIILFLHQF\ RI VSHFWUXP LQ PRELOH
IHPWRFHOOQHWZRUN9HU\IHZZRUNLVEHHQGRQHRQWKHVSHFWUDOHIILFLHQF\RIPRELOHIHPWRFHOODVFRPSDUHGWRIL[HG
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